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Regulation of Body Weight
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Mathematical Modeling of Metabolism

Physical Activity
Food Intake

Baseline
Demographics &
Anthropometrics

l

Mathematical Model
of Human Metabolism

Body Weight

Body Fat

KD Hall. The Lancet 378:826-37 (2011)

KD Hall. Am J Physiol. 298(3): E449-66 (2010)



?&) Body Weight Planner | Balancing Your Food and Activity

Step 1 of 4 - Enter your starting information

Starting Information

U.S. Units Metric Units

Weight 190 Ibs
Sex Female

o 30 yrs
Height 5 ft. |7 n
Physical 1.6

Activity Level €@

Next Step @

Starting Information

Enter your starting information, including your weight, sex, age, height, anc
physical activity level.

Physical Activity Level
Click the "Estimate Your Level" button to find your physical activity level.

Typical physical activity level numbers range from 1.4 (sedentary) to 2.5 (w
active).

The default value of 1.6 describes someone who does very light activity at
or work (mostly sitting) and moderate physical activity (such as walking or
cycling) at least once a week.

BWplanner.niddk.nih.gov

Disclaimer: This information is for use in adults defined as individuals 18 years of age or older and not by younger people, or pregnant or breast
women. This information is not intended to brovide medical advice. A health care provider who has examined vou and knows vour medical histot



The Biggest Loser Competition




Biggest Loser Data & Model Simulations
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Biggest Loser Data & Model Simulations
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Biggest Loser Data & Model Simulations
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Biggest Loser Data & Model Simulations
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Biggest Loser Data & Model Simulations
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Metabolic Rate before the Biggest Loser
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Metabolic Rate after the Biggest Loser
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After “The Biggest LOSéf,’;I: eir
Bodies Fought to Reglin Weight

Contestants lost hundreds of pounds during Season 8, but gained them back. A study
of their struggles helps explain why so many people fail to keep off the weight they lose.

By GINA KOLATA MAY 2, 2016



Body Weight Change (kg)

Body Weight & Fat Mass
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Resting Metabolic Rate Remained Low

p=0.35
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Metabolic Adaptation Persisted
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Spring Model of Metabolic Adaptation
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Spring Model of Metabolic Adaptation

Metabolic
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Spring Model of Metabolic Adaptation

Metabolic Adaptation
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What about Regulation of Food Intake?

27

Calories Out Calories In

21



The fundamental flaw in obesity research

J. T. Winkler

24 HOUR RECORD

obesity reviews (2005) 6, 199-202

How often, in the past 3
months, did you eat the
following?

never

Less than 1 time per week

1-3 times per week
4-6times per week

1time per day

2-3 times per day

4 or more times per day

What was your usual
serving size, relative to
the following?

Yaorless
1 %2 or more

Fruit (apples, bananas, oranges,
etc.)

Y cup raw fruit; ¥z medium apple
or large orange

Quantity eaten

Vegetables (carrots,
mushrooms, potatoes, etc.)

¥ cup cooked or raw; 1 carrot or
stalk celery

[Cup

Chicken (fried chicken, in soup,
grilled chicken, etc.)

3-4 oz, Yz large or 1 small breast;
2 drumsticks

A ey
\ w&m

m&‘&fnh;o,- + SQM w

Turkey (turkey dinner, turkey
sandwich, in soup, etc.)

3-4 oz, 6-8 very thin slices; 1-3
thick slices

2 (‘Fmtrm

W
S S Moo

Fish and Seafood (tuna, shrimp,
crab, etc.)

3-4 oz, 1 can of tuna; 6 medium
shrimp

T ezt Powdared Ce,%uz .

Lotitz Quen s

Pork (ham, pork chops, ribs, etc.)

3-4 oz; 1 pork chop; 2 ribs; 3-4
slices bacon

Beef (steak, meatballs, in tacos,
etc.)

3-4 0z, Y4 Ib burger; 3-6 slices
roast beef

Other Meat (duck, lamb,

3-4 oz, a piece about the size of

venison, etc.) your palm
Nuts (almonds, cashews, ¥ cup or 1 handful; 20 almonds; 2
walnuts, etc.) tbsp nut butter

Beans (tofu, chickpeas, chili,
etc.)

% cup cooked beans; % cup
|hummus or tofu

Dairy (cheese, milk, yogurt, etc.)

3 slices cheese; 1 cup milk; 1 cup
yogurt

Eggs (omelet, in salad, in baked
goods, etc.)

1 egg; Y. cup scrambled eggs or
¥ cup egg salad

Grains (breads, pasta, rice, etc.)

1 slice bread or pizza; % cup rice
or pasta

Sweets (candy, cookies, pie,
etc.)

2 small cookies; 1 slice cake or
|pie

0\ .ﬁ%&ﬁ (Dl
oC
}{xﬂidg CD.XJL

Caffeinated Soft Drinks (cola,
diet cola, energy drinks, etc.)

1 can (12 oz) soda; small fountain
drink

Coffee and Tea (hot coffee, iced
coffee, black tea, efc.)

6 oz hot coffee or tea; small iced
coffee

22




Math Models to Calculate Calorie Intake?

Baseline
Demographics &
Anthropometrics

l

Mathematical Model
of Human Metabolism

Calorie Expenditure
— Body Weight
Body Fat

Calorie Intake —»

A. Sangvhi et al. Am J Clin Nutr.102:353-358 (2015) 23



Body Weight (kg)
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Caloric Restriction for 2 Years

Expensive biomarker
measurements

N=140

0 13 26 39 52 65 78 91 104

Time (weeks)
Mean + 95% CI

A. Sangvhi et al. Am J Clin Nutr.102:353-358 (2015) 24



Calorie Intake Changes over 2 Years

Energy Intake Change (kcal/d)
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A. Sangvhi et al. Am J Clin Nutr.102:353-358 (2015) 25



How can we Perturb Energy Expenditure?
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How can we Perturb Energy Expenditure?
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Weight Changes during SGLT2 Inhibition

0

w1 - N=153 adults with
- Type 2 diabetes treated
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D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016) 28



Intake Changes during SGLT2 Inhibition

A Energy Intake (kcal/d)
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D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016) 29



Regulation of Body Weight

~100 kcal/d
per kg
Calories In
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Typical Weight Loss with Lifestyle Change
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Data from S. Heshka et al. JAMA 289:1792-1798 (2003) .



Corresponding Calorie Balance Dynamics
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D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016) 32



Interpreting Lifestyle Weight Loss
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D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016) 33



Interpreting Lifestyle Weight Loss
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Homeostatic Regulation of Body Weight
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Homeostatic & Hedonic Food Intake

RESTAURANT & WIN
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Homeostatic & Hedonic Food Intake

Representations of food Cortex Executive control SMA &
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H.R. Berthoud. Proc. Nutr. Soc. 71:478-87 (2012)
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Homeostatic & Hedonic Food Intake

A Homeostatic-Hedonic Dichotomy Model

Hypothalamic Reward
gutnent \ / Hedonics
ensor
C Eat T

Internal / Obesogenic
Nutrient Environment
Avalilability

H. Manzberg, et al. Front Nutr. (2016) 38



Homeostatic & Hedonic Food Intake

B Integrative Model
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H. Minzberg, et al. Front Nutr. (2016)
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Non-homeostatic Food Intake




Neural Correlates of
Hedonic Food Inference

t=00 t> 4.5 TN t>4.5

Ventral Pallidum Orbital Frontal Cortex

WK Simmons et al. Brain Structure & Function (2013) 41



Cortico-Basal Ganglia Networks

Limbic S-O Network

OFC <4— | Thalamus

t

Ventral

Thalamocortical
network

Ventral

striatum pallidum

Basal ganglia

Mldbraln DA neurons

Reward &
Motivation

Adapted from HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).



Cortico-Basal Ganglia Networks

Limbic S-O Network Associative A-O Network

OFC <4—| Thalamus PFC <4—| Thalamus

-

Dorsomedial Associative

Ventral Ventral

striatum pallidum striatum pallidum
DA neurons A DA neurons
Reward & Goal-directed
Motivation Behavior

Adapted from HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).



Cortico-Basal Ganglia Networks

Limbic S-O Network Associative A-O Network Sensorimotor S-R Network

OFC

<4—| Thalamus PFC <4—| Thalamus SMC <4—| Thalamus

Ventral

striatum

T

Motor
pallidum

Dorsolateral
striatum

Ventral
pallidum

DA neurons A DA neurons M| DA neurons
Reward & Goal-directed Habitual
Motivation Behavior Behavior

Adapted from HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).



Caudate D2BP
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J. Guo et al. Mol. Psychiatry (2014)



Dopamine D2BP Correlation Patterns
with Obesity & Opportunistic Eating

43 Subjects
BMI: 18-45 kg/m?

Negative “Positive

Correlation (e Correlation

t=-35 t=35 J. Guo et al. Mol. Psychiatry (2014)



Dopamine D2BP Correlation Patterns
with Obesity & Opportunistic Eating

D2 receptor & BMI
B-map

43 Subjects
BMI: 18-45 kg/m?

D2 receptor & o1
Opportunistic Eating /%

B-map

Positive

goq Slope J. Guo et al. Mol. Psychiatry (2014)




Dopamine D2BP Correlation Patterns
with Obesity & Opportunistic Eating

D2 receptor & BMI
B-map

43 Subjects
BMI: 18-45 kg/m?

D2 receptor &
Opportunistic Eating

B-map
(corrected for BMI)

Y=13

Positive

goq Slope J. Guo et al. Mol. Psychiatry (2014)
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